Background: Recent reports indicate that Campylobacter species are becoming one of the leading causes of bacterial diarrhoeal disease worldwide and most of the isolates are resistant to different antibiotics. This study aimed at determining the prevalence, associated risk factors and susceptibility pattern of Campylobacter species in under-five diarrheic children.
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Conclusion: Isolation rate of Campylobacter species were frequent among under five children. The frequency was higher in those children who were malnourished, drinking of unprotected water and direct contact with infected animals (especially cats, dogs, pigeons, hens and their products). The antimicrobial resistance patterns for some of the commonly prescribed antibiotics were high. Therefore, awareness of hand washing and proper boiling of drinking water are probably important in preventing infection with Campylobacter species and childhood diarrhea should not be underestimated and effectiveness of the drugs should be continuously monitored by doing antimicrobial susceptibility test.
Keywords: Antimicrobial susceptibility, Campylobacter species, Under five children, Risk factors Background Campylobacter species (Campylobacter spp.) are small gram-negative, non-spore-forming, helical bacteria with a distinctive 'darting' motility, and are catalase and oxidase positive. Campylobacter spp. can be found in the reproductive organs, intestinal tracts, and oral cavity of animals and humans [1] . Diarrhoeal diseases are common in children aged less than five years, consumption of contaminated water and food is the major source of infection. Among Campylobacter spp., most commonly isolated species from cases of gastroenteritis was Campylobacter jejuni (C. jejuni) followed by Campylobacter coli. More recently, other Campylobacter species have been recognized as gastrointestinal pathogens in both industrialized and developing countries [2] . Campylobacter spp. are leading cause of bacterial diarrhoeal disease worldwide resulting mainly from contamination of poultry, or other meats, raw milk and milk products and surface or raw water [3] .
The increasing rate of human infections caused by anti-microbial resistance strains of Campylobacter makes clinical management of cases of campylobacteriosis more difficult. Anti-microbial resistance can prolong the illness and compromise treatment of patients with bacteraemia. The rate of anti-microbial resistant enteric infections was highest in the developing world, where the use of anti-microbial drugs in humans and animals are largely unrestricted [4] .
In Africa, a few studies have indicated that campylobacteriosis is most common among children of young age. In Ile-Ife, Nigeria, C. jejuni was found to be an important agent of diarrhoea in children [5] . In Durban, South Africa, Campylobacter were found in 21% of diarrhoeal cases among children aged less than five years [6] . Again in Venda, South Africa, Campylobacter spp. were also isolated from 20% of stool samples tested from HIV-positive individuals [7] .
In Ethiopia, studies have revealed that diarrhoeal diseases are major causes of infant and child mortality and morbidity. About 39,000,000 episodes of diarrhoea per year were estimated to occur in Ethiopia; out of which 230,000 deaths occur in children below five years of age [8] . The pediatric admission review at Jimma hospital showed that diarrhoea was the second leading cause of admission and hospital deaths and Campylobacter is one cause of diarrhoea in the area [9] . There is no recent report on Campylobacter spp. and their drug susceptibility patterns in the North western Ethiopia. Therefore, this study aimed at determining the prevalence, associated risk factors and antimicrobial susceptibility pattern of Campylobacter spp. causing enteritis in under five diarrheic children at Gondar University Hospital, Northwest Ethiopia.
Methods

Study design and period
A cross-sectional study was conducted in Microbiology Laboratory at University of Gondar Teaching Hospital between October, 2011 and March, 2012. It is referral hospital that provides services to over 5 million inhabitants in the Northwest, Ethiopia. All the under five diarrhoeic children coming to the pediatric ward of the Gondar hospital seeking for treatment during the study period were the source population.
Sample size determination and Sampling technique
A total of 285 samples were collected from under five diarrhoeic children who visited University of Gondar Teaching Hospital and seeking medical services during the study period. Convenient sampling technique was used.
Inclusion criteria
All the under five diarrhoeic children coming to the pediatric ward of the Gondar hospital seeking for treatment during the study period.
Exclusion criteria
Those diarrheoic children under five years who had treatment with antibiotics in the last 5 days were excluded.
Data collection procedure
After obtaining written consent from the guardian, data about the socio-demographic characteristics, associated risk factors and relevant clinical information were taken using pre-structured questionnaire by pediatrician. To assess the validity of the questionnaire pre-test was conducted at the polyclinic: one of the health centers found in Gondar town. Two laboratory technologists were responsible to process the stool specimen for isolation of Campylobacter spp. To ensure the reliability of the information, the guardian's were interviewed in their local language. All the questionnaires were checked for its completeness and consistency every day.
Specimen collection and processing
Fresh stool specimen was collected aseptically from each study subject using sterile screw-capped containers and transported immediately to the Microbiology Laboratory, University of Gondar. Specimens were inoculated on Campylobacter Agar Base (Karmali) (Oxoid, Ltd, England) supplemented with sodium pyruvate, cefoprazone, vancomycin and cyclohexamide then, kept in a 2.5 liter anaerobic jar and Campy-Gen gas generating kit (5% O 2 and 10% CO 2 ) (Oxoid CN0025A) was inserted to maintain the microarophilic condition. The jars were incubated at a temperature of 42°C for 48 hrs. The identification of Campylobacter spp was performed by characteristic appearance on culture medium (moist, creamy-grey and flat-spreading), gram stain, oxidase test, catalase reaction and dry spot Campylobacter test (Oxoid, Basingstoke, Hampshire, England). The type strains C. jejuni (LMG 13646) was inoculated as positive control.
Antimicrobial susceptibility test
Antimicrobial susceptibility test for Campylobacter spp was performed using the standard agar disc diffusion method as recommended by Clinical and Laboratory Standards Institutions (CLSI). The commonly prescribed antimicrobials were obtained from Oxoid at the concentration of ampicillin (30 μg), amoxicillin with clavulanic acid (30 μg) gentamicin (10 μg), tetracycline (30 μg), doxycycline (30 μg), chloramphenicol (30 μg), ciprofloxacin (5 μg), norfloxacin (5 μg), ceftriaxone (5 μg) erythromycin (15 μg) clindamycin (15 μg) and trimethoprim-sulphamethoxazole (25 μg). In brief, 3-4 morphologically identical colonies of bacteria from culture were picked and suspended in sterile normal saline. Turbidity of the broth culture was compared with that of 0.5 McFarland turbidity standards (10) . A loop full of the bacterial suspension was placed at the center of Muller Hinton agar media (Oxoid, LTD) supplemented with 5% sheep blood and evenly spread using sterile cotton tipped applicator. After drying, antibiotic discs were placed and incubated at 42°C for 48 hours in anaerobic jar using CO 2 generating kits. Finally, the diameter of growth inhibition around the discs was measured and interpreted as sensitive (S), and resistant (R) as per the guidelines of the manufacturer. Control strains of E. coli (ATCC 25922) sensitive to all antibiotic being tested was inoculated to evaluate the performance of culture media and antibiotic discs.
Susceptibility tests to naldixic acid (30 μg) (Oxoid, UK) and Cephlotin (30 μg) (Oxoid UK) were performed for all isolates of Campylobacter spp. in accordance with the criteria set by the National CLSI using the disk diffusion method [10] . The isolates were classified as sensitive and/or resistant according to the standardized tables supplied by the CLSIs. Campylobacter strains that were sensitive to naldixic acid but which are resistant to Cephlotin were considered C. jejuni and C. coli, while strains that were resistant to both drugs were considered other species [11] .
Data processing and analysis
The data was entered and analyzed using SPSS version 16 packages. Odd ratio was used to compare association between Campylobacter spp and other variables of the study. Logistic regression was also used to assess associations with dependent and independent possible risk factor. P-values less than 0.05 were taken as statistically significant.
Ethical consideration
The study was conducted after obtaining institutional ethical clearance from Research and Publication office of University of Gondar. Permission was taken from Gondar University Hospital administrators and written consent also obtained from the guardians of study subjects. Positive study subjects to Campylobacter spp. were referred to the physician with their result for treatment.
Results
Socio-demographic characteristics
A total of 285 under five children with diarrhoea were included in this study. Of these144 (50.5%) were males and 141 (49.5%) were females with the age range of one month to five years and mean age of 2.26 years (25months). Seventy three (25.6%) of them were younger than one year and 212 (74.4%) were in the age range of 1 to 5 years. Majority of them were urban dwellers 230 (80.7%) while 55 (19.3%) were rural dwellers [ Table 1 ].
Prevalence of Campylobacter species
Among 285 stool specimens cultured, Campylobacter species were isolated from 44 (15.4%), from which 40/44 (90.9%) were C. jejuni and C. coli and 4/44 (9.1%) were other species. Twenty one (14.6%) of the male and 23 (16.3%) of the female children were positive for Campylobacter species. Although, the variation was not statistically significant, the culture positivity for Campylobacter was relatively higher for children below 12 months of age compared to other age groups (P = 0.16). Even though, most study subjects live in urban, culture positivity rate is relatively higher in rural with the percentage of 14.8% and 18.2%, respectively [ Table 1 ].
Possible risk factors and their association with Campylobacter infections
Among the risk factors caretaker relation to child, education level of caretaker, family size, washing hands before feeding and preparing foods, cleaning utensils with soap and hypochlorite, washing the child with soap and water after defecation showed no statistically significant association with Campylobacter culture positivity; whereas usage of latrine, source of water, boiling drinking water, bottle feeding, nutritional status and exposure to domestic animals had statistically significant association [ Table 2 ]. Of the 58 family who do not use latrine always 15(25.9%) of their children were found to be positive for Campylobacter species. Family who used latrine always were less likely to be positive for Campylobacter infection than those who do not use (AOR = 0.42; CI = 0.2, 0.90; P = 0.01).
The culture positive rate of Campylobacter species among study subjects who use pipe, well, river, and spring as a source of drinking water were 35 (14.1%), 3 (75.0%), 3 (12.0%) and 3 (42.9%), respectively ( Table 2) . Children who used well and river as a source of drinking water had 4.6 and 2 times (AOR =2.0; CI = 2.0, 20.0; p = 0.001and AOR = 4.59; CI = 1.2, 21; P = 0.001) likely to be positive for Campylobacter infection, respectively. Children who drank boiled water were more protected from Campylobacter infection compared to non-boiled water users (AOR = 10.6; CI = 2.5, 45; P = 0.001). Of the one hundred children who use bottle feeding, 24 (24.0%) were positive for Campylobacter species compared to non bottle feeders 20/185 (10.8%). This indicate that children who used bottle feeding were 2.6 times (AOR = 2.6; CI = 1.36, 5.0; P = 0.008) more affected by Campylobacter infections. Malnourished children 14 (31.8%), were three times infected than well nourished 30 (12.4%) (AOR = 3.2; CI = 1.58, 6.8; P = 0.002). High culture positive rate of Campylobacter species had been observed in children who were exposed to domestic animals compared to non exposed. Children who were exposed to pet animals, hens and pigeons were found 2.9 times (AOR = 2.87; CI = 1.05, 7.88; P = 0.001) affected than non-exposed individuals. While children, who were exposed to cats and dogs were 5.1 times (AOR = 5.12; CI = 2.25, 11.65; P = 0.001) affected than non exposed children [ Table 2 ].
The main significant clinical presentations for the Campylobacter culture positive children were abdominal pain (P = 0.002), but other symptoms like, fever, vomiting, duration of diarrhea, stool frequencies per 24 hours and stool consistency were not statistical significant in culture positive and negative patients [ Table 3 ].
Antimicrobial susceptibility patters of the isolates
The results of antimicrobial susceptibility testing for Campylobacter species isolated from under five children with diarrhoea against 14 chosen antimicrobial agents are presented in Table 4 . Lower resistance rate was observed in naldixic acid (9.1%), followed by chloramphenicol (11.4%) and norfloxacin (11.6%). However, higher drug resistances were observed in ampicillin (68.2%), tetracycline (56.8%) and trimethoprim sulfamethoxazole (54.5%).
Among the 44 Campylobacter culture positives, multidrug resistance (an isolate being resistant to two or more drugs) were detected in 30 (68.2%) of the strains. Among these 16 (36.4%) were resistant to four drugs ( Table 5 ).
Discussion
This study showed that the prevalence of Campylobacter species in under five children with diarrhoea was 15.4%, which is slightly higher than other findings in Gondar [12] , Dembia [13] , Bahir Dar [14] and Jimma [15] with isolation rates of 13.8%, 10.5%, 8% and 11.6%, respectively. Lower incidence of Campylobacteriosis has been reported in Cameroon (7.7%) [16] , Zimbabwe (9.3%) [17] and Egypt (9%) [18] . On the other hand slightly higher prevalence had been reported from Algeria (17.7%) [19] , Nigeria (16.5%) [20] , Tanzania (18%) [21] , and South Africa (21%) [22] and higher prevalence reported from Bangladesh (26%) and Thailand (41%) [23, 24] . This could be due to differences in geographical location, study population, study period and method employed for each study. Our finding is consistent with reports from Iran (14.7%) [25] Peru (15%) [26] and Addis Ababa (15.3%) [13] . The distribution of Campylobacter species between females and males was not statistically significant, which agrees with the study results reported in different parts of Ethiopia [12, 13, 15, 27] . Although the finding was not statistically significant, higher rates were observed in rural (18.2%) than urban (14.8%), resident children, which is in line with the findings in Yemen and Mexico [28, 29] . This may be due to unprotected water source and presence of domestic animals in almost all rural house hold.
In this study, high infection rates were seen in under five children whose family didn't use the latrine regularly and those whose family had no latrine in their home. Drinking water from unprotected source like river and well had statistical significant association with Campylobacter species culture positivity rate; so boiling drinking water had protective effect against Campylobacter infection, which is consistent with the study conducted in Yemen and Colorado [28, 30] . Our study also revealed that bottle feeding had also showed significant risk factors to Campylobacter infection in under five children. This can be explained by low level sterilization of the bottles, use of unpasteurized milk and storage of cooked food for later use. High infection rates were seen in children who have close contact with pet animals (cats, dogs), pigeons and hens, which indicate the direct association between Campylobacter species infection and pets, as it is already pointed out that direct contact with these animals is a frequent mode of transmission to humans [30] . The rate of culture positivity was more likely higher among malnourished children than well nourished. This is consistent with the previous report in Chile [2] , Gondar [12] , Jimma [15] and Addis Ababa [27] . This may be due to low immune status of malnourished children.
In this study, abdominal pain was the most common symptom (92.2%) and had statistically significant association with isolation of Campylobacter species among under five children. This is consistent with the previous studies conducted in Thailand [18] , Yemen [28] , Jimma [15] and Addis Ababa [27] . Other symptoms such as fever, vomiting, duration of diarrhea, stool frequency per day and stool consistency were not important symptoms in the present study, which is similar with the study at Dembia [13] but different from previous studies in Thailand and Gondar, Jimma in which watery diarrhoea and the duration of diarrhoea had significant association, respectively [12, 15, 18] .
Even though most gastroenteritis caused by Campylobacter species is often a mild and self-limiting disease, it causes mild to severe dehydration and occasionally spreads to the bloodstream and causes life-threatening infections in children; in this case it requires antibiotic treatment. In this study, fourteen antibiotics were tested against 44 isolates of Campylobacter species. Most tested isolates were sensitive to naldixic acid (90.9%) chloramphenicol (88.6%), nurfloxacin (86.4%), doxycicline (84.1%) ciprofloxacin (84%) and gentamicin (81.8%). Among these, norfloxacine ciprofloxacin and doxycicline are not prescribed to children due to their contradictions. A study from Jimma reported that all isolates of Campylobacter were sensitive to chloramphenicol and gentamicin [15] . This is different from our result that 11.4% and 18.2% resistance were detected in chloramphenicol and Gentamicin, respectively.
Campylobacter species were equally resistant to erythromycin and ceftriaxone in this study (22.7%), this is alarming because erythromycin is the drug of choice for Campylobacter species, and ceftriaxone it the 3 rd generation cephalosporin, which is recently available in the market. Erythromycin resistance was higher than the previous study in Jimma (10%) [15] and Addis Ababa (2%) [13] . This might be due to the fact that erythromycin may act as a selective pressure and favor the proliferation of resistant strains.
A high percentage of amoxicillin with clavulanic acid resistance (36.4%) was also observed. This high rate may be due to indiscriminate use of amoxicillin in the area that leads to increased resistance. The majority of the isolates were resistant to ampicillin and trimethoprimsulfamethoxazole (68.2%, 54.5%) respectively. This is almost similar to other studies conducted in Jimma and Addis Ababa [15, 27] . As it was indicated in another study, this higher resistance could be either because they are commonly prescribed and sold on the open market without prescription [15] . The rate of resistance to tetracycline against Campylobacter species (56.8%) in our study was higher than other results like Jimma (14%) [15] , Addis Ababa (10%) [27] and Bahir Dar (22.2%) [14] . This might be due to the reason that tetracycline is frequently prescribed and sold in open market without prescriptions. Compared with other similar research findings conducted in Addis Ababa and Jimma, this study showed increased resistance to most antibiotics. The frequency of multidrug resistant strains (resistant to two or more drugs) (68.2%) in this study was higher than the previous finding in Ethiopia (20%) [15] .
Conclusions
The present study indicates that infection caused by Campylobacter species was very frequent among the under five children. The frequency were higher in malnourished than well nourished children. The possible risks of infection to children were through drinking of unprotected water or by direct contact with infected animals (especially cats, dogs, pigeons, hens and their products). Therefore, awareness of hand washing and proper boiling of drinking water are probably important in preventing infection with Campylobacter species. Our result showed that the resistance rate of Campylobacter species increased through time. This high rate of resistance reflects either frequently prescribing drugs without drug susceptibility testing results or inappropriate usage of the commonly available drugs in the local market. Therefore, providing treatments for children should be based on updated information on susceptibility pattern of Campylobacter species rather than clinical symptoms. Therefore, the clinicians and laboratory personnel should consider that diagnosing infection with Campylobacter species is as important as other infection with enteric pathogens. Further studies to investigate the role of domestic animals in the transmition of the disease, species differentiations and serotyping of Campylobacter spp are recommended.
